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@ Pharmaceutical composition and method for treating hyperlipidemia and arteriosclerosis. 

@ Disclosed are an antihyperlipidemia or antiarterioscierosis agent comprising a certain benzimidazole or 2,2'- 
methylenebisphenol derivative such as 5-dodecanoylamino-2-mercaptobenzimidazole or 2,2'-lsobutylidenebls- 
(4,6-dimethyphenol). 
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OH Rii Rii OR,, 
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^c^ A. ^Rt 




wherein 

Ri represents a hydrogen atom, an alkyi, an aryl, a mercapto, an alkylthio, an alkenylthio, an arylthio or 
a heterocycio group; 

Ra represents a hydrogen atom or an alkyI group, provided that the alkyI group is not substituted by a 
hydroxyl group; 

Rs and R* each independently represents a hydrogen atom, a halogen atom, a nitro group, RsO-, 
RsCONH-, R5NHCO-, (R5)2NCO-. R5SO2NH-, R5NHSO2-, R5OCO-, R5COO- or R5NHCONH- where R5 
represents an alkyI or an aryl group; 

Rs represents a divalent group; 

R7, Rg, R9 and Rio each independently represents an aikyi, a cycloalkyi group, -{C(CH3)2)k-(CH2)- 
mCOORu or -(C(CH3)2)i,-(CH2)m C0N(Ru)2 where k represents 0 or 1, m represents an integer of 0 to 4 
and Ru represents a lower alkyI group; 

Ri 1 and Ri2 each independently represents a hydrogen atom, an alkyI, an aryl or an aralkyi group; and 

Ri3 represents a hydrogen atom, a lower alkyI, an aralkyi, an acyl, an alkyI- or arylsulfonyl group, or 
-(CH2)nCOORi5 where n represents an integer of 0 to 2 and Ris represents a lower alkyI group. 

The second aspect of the present invention relates to a use of a compound of the formula (I), (II) or (III), 
or a pharmaceutically-acceptable salt thereof, or a compound of the formula (IV) for preparing an 
antihyperlipldemia or antiarterlosclerosis agent. 

Detailed explanation of preferred Embodiments 

The present invention provides a pharmaceutical composition which has an excellent blood cholesterol 
lowering effect and macrophage-foaming reaction suppressing effect and Is low in toxicity, It therefore 
exhibits an excellent therapeutic effect on hyperlipidemia and arteriosclerosis and is administrable over a 
long period. 
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-(CH2)„ - and -NHC0(CH2)„ CONH- where n is 2 to 8 are particularly preferable. 

Among the above-described compounds having Ri to Ffe, preferred are the compounds in which at 
least one substituents have not less than 4 carbon atoms, particularly those in which at least one 
substituents except for R2 have 4 to 20 carbon atoms, preferably 8 to 18 carbon atoms. 

Examples of the parmaceutically-acceptable salts of the compounds represented by the formulae (I), (II) 
and (III) include hydrochloride, hydrobromide, nitrate, sulfate and toluenesulfonate. Hydrochloride is particu- 
larly preferable. 

Examples of the compounds of the formulae (I), (II) and (III) or the formula (V) of the present invention 
are listed below. 
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like). These alkyi groups may be optionally substituted. Examples of the substituents include halogen atoms 
such as chlorine, bromine, fluorine and iodine. 

The cycloalkyi groups represented by R? to Rio include cyclopentyl, cyclohexyl and cycloheptyl 
groups. These cycloalkyi groups may be optionally substituted. Examples of the substituents Include lower 
5 alky! groups such as methyl and ethyl groups and halogen atoms such as chlorine, bromine, fluorine and 
iodine. Cycloalkyi groups substituted by methyl group are prefen-ed. 

When R7 to Rio represent -{C(CH3)2)k-(CH2)„COORu or -(C(CH3)2)k-(CH2),„CON(Ru)2, the lower alkyI 
groups represented by Ru include alkyI groups having 1 to 4 carbon atoms which may be straight or 
branched chains. Examples of the alkyI groups include methyl, ethyl, n-propyl, isopropyl, Isobutyl, sec-butyl 
10 and tert-butyl groups, preferably methyl and ethyl groups, k is preferably 1 and m is preferably 3. 

Preferable groups represented by R7 to Ri 0 are alkyI groups having 1 to 4 carbon atoms and cycloalkyi 
groups substituted by methyl group, particularly methyl and tert-butyl groups. 

The alkyI groups represented by Rn and R12 in the formula (IV) include alkyI groups having 1 to 13 
carbon atoms which may be straight or branched chains. Examples of the alkyI groups include methyl, 
75 ethyl, n-propyl, isopropyl, isobutyl, sec-butyl, tert-butyl, hexyl, octyl, decyl and dodecyl groups. Among 
these, alky! groups having 1 to 8 carbon atoms are preferred and those having 1 to 4 carbon atoms are 
particularly preferred. 

The aryl groups represented by Rn and R12 include phenyl, tolyl, xylyl and naphthyl groups. Phenyl 
group is preferable. 

20 The aralkyi groups represented by Ri 1 and Ri 2 Include benzyl and phenethyl groups. 

ln-thft-prfifftrahlft-f«mbination. nf B. V and Ri?. one is a hydrogen atom and the othe r is a lower al kvl 

group having 1 to 4 carbon atoms. 

The lower alkyI groups represented by Ri 3 in the formula (IV) include alkyI groups having 1 to 4 cartxin 
atoms which may be straight or branched chains. Examples of the alkyI groups include methyl, ethyl, n- 
25 propyl, isopropyl, isobutyl, sec-butyl and tert-butyl groups. Methyl and ethyl groups are preferable. 
The aralkyi groups represented by Ri 3 include benzyl and phenethyl groups. 

The acyl groups represented by R13 include aliphatic and aromatic acyl groups. Examples of the 
aliphatic acyl groups include acyl groups having 2 to 6 carbon atoms (such as acetyl, propionyl, pentanoyi 
and the like), which may be straight or branched chains. Examples of the aromatic acyl groups include 

30 benzoyl group. These acyl groups may be optionally substituted. Examples of the substituents of the 
aliphatic acyl groups include lower alkoxy groups and phenoxy group. These substituents may further be 
substituted by one or more substituents including lower alkyI groups such as methyl, ethyl, n-propyl, 
isopropyl, isobutyl, sec-butyl and tert-butyl groups and halogen atoms such as chlorine, bromine, fluorine 
and iodine. Examples of the substituents of the aromatic acyl groups include lower alkyI groups such as 

35 methyl, ethyl, n-propyl, isopropyl, isobutyl, sec-butyl and tert-butyl groups and halogen atoms such as 
chlorine, bromine, fluorine and iodine. 

Examples of the alkylsulfonyl groups represented by Ri 3 include alkylsulfonyl groups having 2 to 4 
carbon atoms (such as methanesulfonyl, ethanesulfonyl, propanesulfonyl and the like), which may be 
straight or branched chains. Examples of the arylsulfonyl groups represented by Ri 3 include benzenesul- 

40 fonyl and p-toluenesulfonyl groups. 

When Ri3 represents -(CH2)nCOORi5, the lower alky! groups represented by R15 include alkyi groups 
having 1 to 4 carbon atoms which may be straight or branched chains. Examples of the alkyI groups 
include methyl, ethyl, n-propyl, isopropyl, isobutyl, sec-butyl and tert-butyl groups. H/lethyl and ethyl groups 
are preferable, n is preferably 0 or 1 . 

45 Ri 3 is preferably a hydrogen atom. 

Examples of the compounds of the general formula (IV) of the present invention are listed below. 
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Elemental analysis (%): 


Anal. 


C 60.62 


H 19.25 


N5.41 




Cal. 


C 60.54 


H 19.26 


N5.54 



Synthesis Example 3 Synthesis of 2-mercapto-5-methoxybenzimidazole(13) 

70 ml of ethanol and 15 ml of carbon disulfide were added to 2.6 g of 3,4-diaminoanisole and then a 
solution of 1 .5 g of sodium hydroxide in 5 ml of water was added thereto. After heating with a water bath for 
70 3.5 hours, the mixture was cooled with ice, filtered and then the solvent in the filtrate was distilled off under 
reduced pressure. The residue was dissolved In ethanol. The solution was filtrated to remove the Insoluble 
matter and then the solvent in the filtrate was distilled off under reduced pressure. The residue was 
recrystallized from water-containing methanol to obtain 2.0 g of the titled compound (13). 
Melting point : 254-255 "C 



Elemental analysis (%): 


Anal. 


C 53.06 


H4.52 


N 15.27 




Cal. 


C 53.33 


H4.44 


N 15.56 



Synthesis Example 4 Synthesis of 2-benzylthiobenzimlda20le (7) 

15 g of 2-mercaptobenzimidazole and 16.5 g of benzylbromide were dissolved in 50 ml of ethanol and 
the mixture was refluxed with a water bath for 5 hours. After cooling, the formed crystals were collected and 
25 recrystallized from ethanol to obtain 18 g of compound (7). 
Melting point : 185-186 'C 



Elemental anal 


ysis (%): 


Anal. 


C 69.59 


H5.30 


N 11.74 






Cal. 


C 69.99 


H5.03 


N 11.66 



Synthesis Example 5 Synthesis of 5-dodecanoylamino-2-mercaptobenzimidazole (8) 

35 5 g of 5-amino-2-mercaptobenzimidazoie was dissolved in 50 ml of pyridine and 7.95 g of dodecanoyi 
chloride was added dropwise thereto under cooling with ice. After stirring for 3 hours at room temperature, 
the solution was poured Into Ice-water. The formed crystals were filtered off and recrystallized from water- 
containing methanol to obtain 10.9 g of compound (8). 
Melting point : 266-267 'C 



Elemental analysis (%): 


Anal. 


C 66.38 


H8.54 


N 11.34 




Cal. 


C 65.71 


H8.36 


N 12.10 



Synthesis Example 6 Synthesis of 2-morphollnomethylbenzlmidazole (36) 

To 108 g of o-phenylenediamine, 1 X of 4 N hydrochloric acid and 142 g of chloroacetic acid were 
added and refluxed for 1.5 hours. After allowing to stand overnight, the solution was diluted with 2 X of 

50 water and neutralized with dilute ammonia water. The formed crystals were filtered off to obtain 1 13 g of 2- 
chlorom ethylbenzimidazole. 

10 g of 2-chloromethylbenzimidazole thus obtained and 10.5 g of morpholine were dissolved In 75 ml of 
alcohol and the solution was refluxed for 3 hours. After cooling, ether was added to the solution and the 
precipitated crystals were filtered off. The filtrate was washed with water and satulated with hydrogen 

55 chloride to form an oily matter. The oily matter was crystallized by adding a smoll amount of alcohol and 
the crystals were filtered off. The crystals were recrystallized from alcohol to obtain 2.5 g of compound (36). 
Melting point : 235-236 'C 
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Compound No. 


in.p.(X; ) 


Compound No. 


m.p.( -C ) 




(1) 


195-200 (HCl salt) 


(2) 


200-203 


10 


(3) 


133-135 (HBr salt) 


(4) 


167-170 




(5) 


220-221 


(6) 


135-137 




(7> 


190-191 


(8) 


226-267 




(9) 


266-268 


(10) 


275-276 




(11) 


>300 


(12) 


>280 




(13) 


254-255 


(14) 


128-129 


so 


(15) 


95-97 


(16) 


106-108 




(17) 


181-183 


(18) 


119-123 


25 


(20) 


84-87 


(21) 


183-186 




(23) 


250-252 


(24) 


214-217 




(25) 


200 (decomp. ) 


(26) 


284-286 


30 


(27) 


230-232 


(28) 


132-134 




(29) 


217 (decomp.) 


(30) 


243-245 




(31) 


143-144 


(32) 


>250 


35 


(33) 


124-125 


(34) 


218-220 




(35) 


215-217 (HCl salt) 


(36) 


235 (decomp.) 
(HCl salt] 




(37) 


162-164 


(38) 


215-216 




(39) 


202-203 


(42) 


230-i231 


45 


(43) 


155-156 


(44) 


163-164 




(45) 


146 (decomp.) 


(46) 


197-199 




(47) 


54-56 


(48) 


60-63 


50 


(49) 


82-85 


(50) 


188-191 
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Pharmaceutical test 

(1) In vitro test for suppressing effect of macrophage-foamlng reaction using mouse abdominal cavity 
macrophage 

5 

A 15-week old ICR female mouse (Japan SLC) was amputated at its neck and exsanguinated. Then, 
Hanks buffer (Nissui Pharmaceutical Co., Ltd.) was injected intraperitoneally. After massaging the abdominal 
part, the buffer was recovered rapidly and centrlfuged at 1 ,000 rpm for 5 minutes to collect the abdominal 
cavity macrophage. Then, the collected abdominal cavity macrophage was suspended in GIT medium 
10 (Wako Pure Chemical Industry) and inoculated on a 24-well microplate. After culturing the macrophage for 2 
hours at 37 'C in 5 % COz, the medium was changed into Dulbecco modified Eagle's MEM medium 
(Nissui Pharmaceutical Co., Ltd.). After further culturing the macrophage for 16 hours at 37 'C in 5 % CO2, 
the following substances were added in order; 

® Test compounds: solutions in DMSO (Wako Pure Chemical Industry) 
J5 1 ml of the solutions were prepared, optionally diluted and the diluted solutions were added to 

individual wells (500 u H ) in the amount of 5 u t . 
(D Liposome 

PC/PS/DCP/CHOL. = 50/50/10/75 (nmol) 
PC : phosphatidylcholine (Funakoshi) 

20 PS : phosphatidylserine (Funakoshi) 

DCP : dicetylphosphate (Funakoshi) 
CHOL. : cholesterol (Sigma) 
(3) ^H-Oieic acid (Amersham Japan) 

Then, after still further culturing the nnacrophage for 16 hours at 37 'C In 5 % COz, the lipid fraction 
25 was extracted with chloroform and nnethanol. The extracted lipid fraction was subjected to TLC (hex- 
ane:ether:acetic acid = 70:30:1), the separated bands of CE (cholesteryl ester) and TG (triglyceride) were 
borne off from the TLC plate and then the radioactivities thereof were measured using a liquid scintillation 
counter (PACKARD BH-22). Yields of cholesteryl ester were calculated by comparing with a control. The 
results are shown in Table 1 . 

30 
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(61) 


5 tf M 


52 


103 


(62) 


5 u ti 


61 


98 


(63) 


Sun 


42 


96 


(65) 


Sum 


38 


101 


(66) 


5 u K 


54 


108 


(67) 


5 u K 


42 


92 


(68). 


S u K 


53 


86 


(73) 


5 u K 


48 


90 


(74) 


5 « M 


65 


108 



It is clear from Table 1 that these compounds do not lower the yield of TG so far. that is, these 
compounds are low toxic and capable of markedly suppressing the yield of CE. Namely, these compounds 
marl<edly suppress the macrophage-foaming reaction without being highly toxic to the macrophage. 

ss 

(2) Blood lipid lowering effect in rabbit fed high-cholesterol feed 

(i) New Zealand White female rabbits having body weight of about 2 kg were fed feed having high 
cholesterol content (lOOg/day /rabbit: ORC-4 manufactured by Oriental Yeast, containing 0.5 % of 

30 cholesterol and 0.5 % of olive oil) for 7 days to produce hypercholesterolemia. 

Subsequently, one group consisting of 3 rabbits (treatment group) was fed the same feed in the 
same amount, except that the feed further contained test compound (8) in the amount of 10 
Omg/kg/day/rabbit, for 7 successive days. On the other hand, as a control, another group consisting of 3 
rabbits was fed the same feed in the same amount without any test compound. 

35 A small amount of blood was drawn from the parotic vein of every rabbit once a week and was 

measured for amount of blood total cholesterol using lATROLlPO TC manufactured by latron Laborato- 
ries Inc. 

The amount of blood total cholesterol of the treatment group fell by 25 % in comparison with the 
control group (3 rabbits). 

40 Thus, it is clear that test compound (8) has an excellent lowering effect of the blood cholesterol. 

(ii) New Zealand White female rabbits having body weight of about 2 kg were fed feed having high 
cholesterol content (lOOg/day/rabbit: ORC-4 manufactured by Oriental Yeast, containing 0.5 % of 
cholesterol and 0.5 % of olive oil) for 7 days to produce hypercholesterolemia. 

Subsequently, one group consisting of 3 rabbits (treatment group) was fed the same feed in the 
45 same amount, except that the feed further contained test compound (53) in the amount of 1 
OOmg/kg/day/rabbit, for 7 successive days. On the other hand, as a control, another group consisting of 3 
rabbits was fed the same feed in the same amount without any test compound. 

A small amount of blood was drawn from the parotic vein of every rabbit once a week and was 
measured for amount of blood total cholesterol using lATROLlPO TC manufactured by latron Laborato- 
50 ries Inc. 

The amount of blood total cholesterol of the treatment group fell by 40 % in comparison with the 
control group (3 rabbits). 

In the same manner, Probucol, a conventional drug, was successiv ly administered in the amount of 
lOOmg/kg/day for 7 days. In this case, the amount of blood total cholesterol of the treatment group fell 
55 by 15 to 20 % in comparison with the control group. 

Thus, it is clear that test compound (53) has an excellent blood cholesterol lowering effect in 
comparison with the conventional drug. 
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Examples 
Example 1 Tablet 

Preparation of tablet containing 25 mg of compound (8) 



© compound (8) 


10 9 


© corn starch 


40 9 


© crystalline cellulose 


459 


0 calcium carboxyimethyl cellulose 


49 


© light silicic acid anhydride 


500 mg 


© magnesium stearate 


500 mg 




Total 100 9 



® to (D were homogeneously mixed and the resulting mixture was compression molded with a 
tableting machine to obtain tablets having weight of 250 mg. Each of these tablets contained 25 mg of 
compound (8). An adult may take 5 to 30 tablets over the course of one day. 

Example 2 Tablet 

Preparation of tablet containing 25 mg of compound (53) 



® compound (53) 


10 9 


(2) corn starch 


409 


d) crystalline cellulose 


45 9 


@ calcium carboxyimethyl cellulose 


4g 


(D light silicic acid anhydride 


500 mg 


(D magnesium stearate 


500 mg 




Total 100 g 



® to d) were homogeneously mixed and the resulting mixture was compression molded with a 
tableting machine to obtain tablets having weight of 250 mg. Each of these tablets contained 25 mg of 
compound (53). An adult may take 5 to 30 tablets over the course of one day. 

Example 3 Capsule 

Preparation of capsule containing 40 mg of compound (8) 



® compound (8) 
(D corn starch 

(D light silicic acid anhydride 


20 g 
79.5 g 
500 mg 




Total 100 g 



® to were homogeneously mixed and the resulting mixture was encapsulated in the amount of 200 
mg per capsule. Each of thus-obtained capsules contained 40 mg of compound (8). An adult may take 1 to 
20 capsules over the course of one day. 
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Rz 




Ri represents a hydrogen atom, an alkyi, an aryl, a mercapto, an alkylthio, an alkenylthio, an 
arylthio or a heterocycio group; 

R2 represents a hydrogen atom or an alkyI group, provided that the alkyl group is not substituted 
by a hydroxy! group; 

R3 and FU each independently represents a hydrogen atom, a halogen atom, a nitro group, R5O-, 
R5CONH-, R5NHCO-, (R5)2NCO-, R5SO2NH-, RsNHSOa-, R5OCO-, RsCOO- or R5NHCONH- where Ffe 
represents an alkyl or an aryl group; 

Rs represents a divalent group; 

R7, Rs, R9 and Rio each independently repr sents an alkyl, a cycloalkyi group, -(C(CH3)2)k-(CH2)- 
mCOORi* or -(C(CH3)2)k-(CH2)m C0N(Ru)2 where k represents 0 or 1, m represents an integer of 0 to 
4 and Ri 4 represents a lower alkyl group; ^ 

R11 and R12 each independently represents a hydrogen atom, and alkyl, an aryl or an aralkyi 
group; and 
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10. A us of compound of the formula (I), (II) or (III), or a pharmaceutically-acceptable salt thereof, or a 
compound of the formula (IV) as defined in claim 1 , in preparation of a pharmaceutical composition for 
treating antihyperlipidemia and antiarteriosclerosis in mammals, preferably man. 



20 
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@ Pharmaceutical composition and method for treating hyperiipidemia and arteriosclerosis. 

@ Disclosed are an antihyperlipidemia or antiar- 

teriosclerosis agent comprising a certain ben- 

zimldazole or 2,2'-methylenebisphenol derivative 

such as 5-dodecanoylamino-2-mercaptoben- 
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Annex Supplemental sheet B; EP 931121B1.8 



1 . ) Pharmaceutical compositions comprising a compound of 

the formulas I-III 

(see claims 1 in part, 2-5, 9 in part, 10 in part) 

2. ) Pharmaceutical compositions comprising a compound of 
the formula IV (see claims 1 in part, 6-8, 9 in part, 10 
in part) 
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